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Abstract 

The exclusive difFractive production of vector mesons and real 
photons in ep collisions has been studied at HERA in a wide kine- 
matic range. Here the most recent experimental results are pre- 
sented together with a Regge-type model and projects for new 
diffr active studies at LHC. 



1 Introduction 

The diffractive scattering is a process where the coUiding particles scat- 
ter at very small angles and without any color flux in the final state. 
This involves a propagator carrying the vacuum quantum numbers, called 
Pomeron and described, in the soft regime, within the Regge theory. Since 
the first operation period in 1992, ZEUS and HI, the two experiments 
dedicated to the DIS physics at HERA, observed that (~ 10%) of lepton- 
proton DIS events had a diffractive origin. It opens a new area of studies 
in diffractive production mechanism, providing a hard scale which can be 
varied over a wide range and therefore it is an ideal testing for QCD mod- 
els. Moreover, the diffractive production of Vector Mesons (VMs) and real 
photons, allows to study the transition from the soft to the hard regime 
in strong interactions. The hard regime (high energy and low Bjorken-x, 
XBj) is sensitive to the gluon content and well described by perturbative- 
QCD, while in the soft regime (low- a;) the interaction is well described 
within the Regge phenomenology. Indicating with the virtuality of the 



*E-mail: fazio@fis.unical.it 



1 




V 

\ 

s 




Figure 1: Typical Faynman diagram for the exclusive diffractive VM pro- 
duction at HERA, showing the relevant kinematic variables. 

exchanged photon and with the square mass of the produced VM, 
HERA data suggested a universal hard scale, + M^, for the diffractive 
exclusive pruduction of VMs and real photons, which indicates the transi- 
tion from the soft to the hard regime. Moreover, the diffractive production 
of real photons, a process known as Deeply Virtual Compton Scattering 
(DVCS), leads to the extraction of the Generalized Parton Distribution 
functions (GPDs), containing combined imformations about the longitu- 
dinal momentum distribution of partons and their position on the trasfers 
plain. The GPD-based calculations will be very helpfull in the descrip- 
tion of the Higgs boson diffractive production mechanism, which will be 
experimentally studied with the LHC accelerator. 

The following Sections will present the most recent results achieved at 
HERA together with a short outlook to the future exclusive diffraction 
program at LHC. An introduction to a new phenomenological model for 
the description of the VMs and DVCS amplitudes in the framework of the 
Regge theory will be also given. 
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2 Exclusive diffraction at HERA 



The diffractive processes are characterized by the presence of a leading 
proton in the final state carrying most of the proton beam energy and by 
a large rapidity gap (LRG) in the forward (proton) direction. Figure [1] 
shows a schematic diagram of the exclusive diffractive process at HERA, 
ep — )■ — > eVp, together with the relevant kinematic variables: the pho- 
ton virtuality, Q^, the photon-proton centre-of-mass energy, W , and the 
square of the four-momentum transfer at the proton vertex, t. Relevant 
kinematic variables in diffraction are also the fraction of the proton lon- 
gitudinal momentum carried by the exchanged colour singlet object, xjp, 
and the fraction of the exchanged momentum carried by the quark coupling 
to the virtual photon, /3. 

2.1 The and W dependence of the cross section 

Recently, a precision measurement of the reaction 7*p — )■ p^p was pub- 
lished by ZEUS [Ij. It was found that the cross section falls steeply with 
the increasing of but, unlike it was observed for the J/ip electropro- 
duction |2l E], it cannot be described by a simple propagator term like 
a oc (Q^ + M^)~", in particular an n value increasing with appears 
to be favored. Figure [2] reports the cross section for the p° electroproduc- 
tion versus compared with several theoretical predictions: the KWM 
model [5] based on the saturation model, the FSS model [6] with and 
without saturation and the DF model [7]. 

The soft to hard transition can be observed looking at the W-dependence 
of the VMs photoproduction (Q^ = 0), where the scale is provided by M^. 
Figure |3] collects the cr(7*p — )■ Vp) as a function of W from the lightest 
vector meson, p°, to the heaviest, T, compared to the total cross section. 

The cross section rises with the energy as W^, where the S exponent 
increases with the hard scale as expected for a transition from the soft 
to the hard regime. New results on the T photoproduction [S], recently 
published by ZEUS, confirmed the steeper rise of a{W) for higher vector 
meson masses. 

The transition from the soft to the hard regime can also be studied 
varying Q^. Recent results were achieved by HI [11] and ZEUS [12] for 
the exclusive production of a real photon, the Deeply Virtual Compton 
Scattering (DVCS), where the hard scale is provided only by the photon 



3 



ZEUS 




Figure 2: The 7*p — )■ p^p cross section as a function of measured 
at = 90 GeV^ and comared in (a) and (b) with different models as 
described in the text. 



virtuahty, Q^. Figure H] shows the HI (left) and the ZEUS (right) results. 
A similar result was obtained for the J / ip electroproduction |2l [3] . 

The electroproduction of a large variety of VMs was studied at differ- 
ent values and the corresponding slope 6 is reported in Fig. [5] (left) 
versus the scale + M^, including the DVCS measurements. The data 
behaviour seems to be universal with 6 rising from 0.2, as expected from a 
soft Pomeron exchange showing a logarithmic shape S oc ln(Q^ + M^). 

The steep rise with W of the cross section even at low-Q^, seems to 
suggest that the most sensitive part to the soft scale comes from the wave 
function of the pruduced VM. 



2.2 t dependence of the cross section and GPDs 

The differential cross section as a function of t, can be parametrised by an 
exponential fit: oc e^'*'. Figure |5] (right) reports the collection of the 
b values versus the scale + for the electroproduction of VMs and 
DVCS, with b decreasing from ~ 11 GeV~^ to ~ 5 GeV~^ as expected in 
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Figure 3: The W dependence of the cross section for exclusive VM pho- 
toproduction together with the total photoproduction cross section. Lines 
are the result of a fit to the data at high W-eneigy values. 
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Figure 4: The W dependence of the cross section for a DVCS process. 
Lines come from a fit to the data. Left: the HI measurement of the 5 
slope as a function of . Right: the new ZEUS measurement at low 
(dots) together with the published measurements (squares). 
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Figure 5: The dependence on the hard scale + of the value 6 (left) 
extracted from a fit and of the slope B {b in the figure lable) (right) 
extracted from a fit ^ oc c^'*' for the exclusive VM electroproduction. 
DVCS is also included. 



hard regime. Since the b value can be related via a Fourier transform to 
the impact parameter and assuming that the exclusive process in the hard 
regime is dominated by gluons, the relation (r^) = 2b{hcY can be used to 
obtain the radius of the gluon confinement area in the proton. 6 ~ 5 GeV^ 
corresponds to (r^) ~ 0.6 fm smaller than the proton radius (~ 0.8 fm) 
indicating that the gluons are well contained within the charge-radius of 
the proton. 

Measurements of the t-slope parameters b are key measurements for 
almost all exclusive processes. Indeed, a Fourier transform from momen- 
tum to impact parameter space readily shows that the t-slope is related 
to the typical transverse distance between the colliding objects. At high 
scale, the qq dipole is almost point-like, and the t dependence of the cross 
section is given by the transverse extension of the gluons (or sea quarks) 
in the proton for a given XBj range. In particular for DVCS, interpretation 
of t-slope measurements does not suffer from the lack of knowledge of the 
VM wave function. Then, a DVCS cross section, differential in t, is directly 
related to GPDs p]. 

The measurement of da/d\t\ for the DVCS process, recentrly published 
by the HI Collab |TT], where t was obtained from the transverse momentum 
distribution of the photon, studied b versus and W as shown in Fig. Ei 
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b seems to decrease with Q"^ up to the value expected for a hard process 
but it doesn't depend on W. 



- Dipole model 
' GPDs model 



W = 82 GeV 
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Figure 6: The t slope parameter, b, as a function of (left) and W (right). 

A new ZEUS measurement [12] of da/d\t\ has been achieved from 
a direct measurement of the proton final state of using a spectrometer 
based on the roman pot thechnique (see Fig. [Hlright). The result b = 
4.5 ± 1.3 (stat.) ± 0.4 (syst.) GeV-^, measured at = 3.2 GeV^ and 
W = 104 GeV, is consistent, within the large uncertainties due to the 
low acceptance of the spectrometer, with the HI result [IT] oi b = 5.45 ± 
0.19 (stat.) ± 0.34 (syst.) GeV'^ at = 8 GeV^ and W = 82 GeV. 

The complete parton imaging in the nucleon would need to get mea- 
surements of b for wide range of xbj values, 0.001 < xbj > 0.1, that exper- 
imentally appears to be really difficult. In fact, there is one way to recover 
Xbj and t correlations over the whole Xbj domain: to measure a Beam 
Charge Asymmetry (BCA). A determination of a cross section asymmetry 
with respect to the beam charge has been realized by the HI [TT] and HER- 
MES [13] experiments by measuring the ratio {da^ — da~^j(da^ -|- do^^ 
as a function of the azimuthal angle, between the production and the 
scattering plane. The results are shown in Fig. [71 



3 Exclusive diffraction at LHC 

Interest in diffraction at the LHC has been greatly boosted recently by the- 
oretical predictions [15] that identified central exclusive production (CEP) 
as a potential discovery channel for the Higgs boson. In the last years, 
both ATLAS and CMS have set up forward physics programs. Both ex- 
periments have Zero Degree Calorimeters with acceptance for neutral par- 
ticles for \!]\ > 8.3. Apart from those, their forward instrumentation is 
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Figure 7: The BCA as a function of the azimuthal angle between the 
production and the scattering plane, measured by the HERMES (left) and 
HI (right) experiments at HERA. 



quite complementary. ATLAS is equipped with a dedicated luminosity 
system consisting of ALFA, Roman-pot housed tracking detectors at 240 m 
from the interaction point (LP.), which will peform an absolute luminosity 
measurement in runs with special LHC optics, and of LUCID, Cherenkov 
detectors (5.6 < |?7| < 6.0) for the primary purpose of luminosity moni- 
toring during routine LHC data taking. At the CMS LP., the task of an 
absolute luminosity determination will be carried out by an independent 
experiment, TOTEM, with Roman-pot housed silicon detectors at 220 m 
distance from the LP. and two tracking telescopes inside of the CMS vol- 
ume. CMS in addition has the CASTOR calorimeter which extends the 
CMS calorimetric coverage to rapidity values of 6.5. CASTOR gives access 
to the QCD parton evolution dynamics at very low- a;. 

In addition, FP420, a joint R&D program of ATLAS, CMS and the 
LHC machine group has investigated the feasibility of an upgrade of the 
forward detector instrumentation to make possible the direct observation 
of the scattered protons in CEP of a Higgs boson. 



4 The Pomeron at HERA, a two-pole model 

A simple factorized Regge-pole model [16] for the description of the DVCS 
amplitude was suggested and successfully tested over the HERA data. The 
authors are now working to include in the analysis the VMs production by 
using and extending the main ideas of the model. 
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It follows from perturbative QCD that asymptotically the Pomeron 
is an infinite sum of poles. This result is far from practical realization, 
however in minimal version, it is legitimate to assume that the Pomeron 
is a sum of two Regge poles 

Ais, t, Q') = fsis, t, g2)(_,,/,^)«.W + /^(,^ Q^){^^,s/s,r-^'\ (1) 

where the subscripts allude that the first term is "soft", with q;s(0) ~ 1.08 
and the second one is "hard", with q;s(0) ~ 1.4, these numbers coming 
from the fits to soft hadronic and hard deep inelastic reactions. Such 
a two-component Pomeron was first suggested by Landshoff ^lOj and it 
accounts for both soft and hard processes in the framework of a universal 
Q^-independent Pomeron, which implies that the trajectories and ah 
are the same in all reactions, differing only by their weights, determined 
by the residue functions /^(s, t, Q^), i = 1,2. According to arguments [17] 
based on unitarity, fh is progressively damped more that fs with increasing 
+ hence the hard term is masked at low (soft reactions) while 
it dominates at high Q^. 




Figure 8: Sum of two Regge- Pomeron exchanges, approcimated by an "effective 
Pomeron" (rightmost diagram). 

In the model the two (soft and hard) terms have identical functional 
form, differing only by the parameters of two trajectories, agit) and ahit). 
This is a universal Pomeron in the sense, that its trajectories are the same 
in any (soft or hard) process, varying only the relative weight of the two 
terms 

A{s,t,Q^) = A' + hA'' = -[e''i°°We'2/3^W(_,5/so)«^(t) + 
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